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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may prefer to use International
System (SI) units rather than the inch-pound units used in this report,
values may be converted by using the following factors:

Multiply inch-pound units

inch (in.)

foot (ft)

foot per day (ft/d)

foot per year (ft/yr)

foot squared per day (ft2/d)
cubic foot per day (ft3/d)
cubic foot per year (ft3/yr)

mile (mi)
gallon (gal)

gallon per minute (gal/min)

pound per square inch (psi)

by

2

(] Qo ooOowm

OO W

o

6895

.4
.3048
.3048
.3048
.09290

.02832
.02832
.609
.785
.003785
.06308

.003785

To obtain SI units

millimeter (mm)

meter (m)

meter per day (m/d)

meter per year (m/yr)

meter squared per day
(m2/d)

cubic meter per day
(m3/d)

cubic meter per year
(m3/yr)

kilometer (km)

liter (L)

cubic meter (m3)

liter per second

(L/s)

cubic meter per minute
(m3/min)

Pascal (Newton/square

meter) (N/m2)

e evel:

In this report "sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called "Sea Level Datum of 1929."



HYDROGEOLOGY OF THE CANAL CREEK ARFA,

ABERDEEN PROVING GROUND, MARYLAND

By James P. Oliveros and Don A. Vroblesky

ABSTRACT

Geologic logs and geophysical logs of boreholes made at 77 sites show
that the hydrogeologic framework of the Canal Creek study area, Edgewood area
of Aberdeen Proving Ground, Maryland, consists of a sequence of unconsolidated
clay, silt, sand, and gravel deposits typical of the Coastal Plain of
Maryland. Three aquifers and two confining units were delineated in the study
area: (1) the surficial aquifer, (2) the upper confining unit, (3) the Canal
Creek aquifer, (4) the lower confining unit, #nd (5) the lower confined
aquifer. The surficial aquifer and the Canal Creek aquifer are hydraulically
connected because of the cropping out of the upper confining unit within the
study area, and the presence of a sand-filled paleochannel where the upper
confining unit was eroded. The potential for vertical ground-water flow
between aquifers is high and may increase under pumping stress.

Currently, no pumping stresses are known to affect the aquifers within
the study area. Under current conditions, downward vertical hydraulic
gradients prevail at topographic highs, and upward gradients typically prevail
near surface-water bodies. Regionally, the direction of ground-water flow in
the confined aquifers is to the east and southeast. Significant water-level
fluctuations correspond with seasonal variations in rainfall, and minor daily
fluctuations reflect tidal cycles.

INTRODUCTION

Background

The Edgewood area of Aberdeen Proving Ground (APG), Maryland (fig. 1),
has been used to develop and manufacture military-related chemicals since
World War I. Ground water has been contaminated as a result of the various
manufacturing activities and the disposal of wastes that have occurred over
the last 70 years. 1In 1984, the Maryland Department of Health discovered
ground-water contamination by volatile organic compounds in several water-
supply wells; however, the extent of the contamination was unknown.

The U.S. Geological Survey is conducting a 5-year study of the Canal
Creek area for the Environmental Management Office of APG, U.S. Department of
Defense. The study includes evaluation of the hydrogeology of the area, the
type and degree of ground-water contamination from past activities in the
area, and the possible hydrologic effects of various remedial actions.
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Heavy pumping stresses were placed on the ground-water system during
1950-68 by several manufacturing plants located in the Edgewood area. Data
from a ground-water-level recorder located near several of the pumped wells
show that the previous flow system was dominated by a cone of depression
around the pumped wells. According to facility records, most of the waste
disposal occurred during the time of heavy pumpage (1950-68).

The movement of ground water was probably different under pumping stress
than under the present unstressed conditions. Flow velocities were probably
much higher and flow directions may have been reversed in some parts of the
aquifer because of the cone of depression that formed around the pumped wells.
The water levels rose substantially after 1968 when heavy pumping ceased and
the wells were used only occasionally to supplement water supplies.

Purpose and Scope

This is one of three reports presenting the findings from drilling opera-
tions and the first phase of data collection. This report describes the
hydrogeology of the Canal Creek study area (fig. 1). Specifically, the
report:

1. Delineates the aquifers and confining units in the Canal Creek
study area.

2. Describes the lithologies of the sediments comprising the aquifers
and confining units.

3. Evaluates the ground-water flow system, including the description
of the hydraulic head distribution, flow direction, and hydraulic
properties of each aquifer. .

The study area includes those areas drained by the East and West Branches
of Canal Creek as well as part of the area drained by Kings Creek (figs. 1 and
2).

Each drill site was assigned a number and any well installed at the site
was given the same site number. If more than one well was installed at a site
(well cluster), each well was assigned a site number followed by a letter,
with the letter corresponding to the relative depth of each well. For ex-
ample, site 5 contains wells 5A, 5B, and 5C, where 5A is the shallowest well
and 5C is the deepest. A total of 149 wells were installed at 75 drill sites
in two phases of drilling. In the event that a drill site was only used for
test boring, the site was assigned a number preceded with a "T", such as drill
sites T1l, T2, and T3 (fig. 2).

In the first phase, test borings were made at 17 sites, geophysical logs
were made.of 42 boreholes, geologic logs were documented at 42 sites, and 87
wells were installed at 42 sites. In the second phase, 23 test holes were
drilled, geophysical logs were made of 29 boreholes, geologic logs were docu-
mented at 31 sites, and 62 additional wells were installed at 33 sites.
Numbered sites showing the locations of test borings and wells are shown in
figure 2.
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Water levels were monitored at the study area to collect data for
hydrographs and hydraulic head contour maps. Continuous water-level recorders
were installed on wells 1A, 1B, 1C, 1D, 7A, 8C, 16A, and 18B. Four synoptic
water-level measurements were made; the last two synoptic measurements in-
cluded all of the second-phase wells. Contour maps were constructed for three
hydrogeologic contacts and unit-thickness maps were constructed for the surfi-
cial aquifer and the confining units. Five hydrogeologic sections were drawn
from the lithologic and geophysical data. Slug tests were performed in 25
wells. Data used in this report were collected between January 1986 and April
1988.

Previous Investigations

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) conducted a
surface- and ground-water investigation of several sites at the Edgewood area,
including the area covered by the Canal Creek study area (Nemeth and others,
1983). Fourteen shallow wells were installed and sampled for several constit-
uents including heavy metals, toxic-agent breakdown products, base-neutral
organic compounds, and volatile organic compounds. Twelve surface-water and
bottom-sediment sites also were selected and sampled for the same constit-
uents. Sampling revealed the presence of "white phosphorus” (WP) in the water
and sediment in the upper reaches of Canal Creek; however, no WP was detected
in the lower reaches. Although no other contamination was mentioned as sig-
nificant, Nemeth and others (1983, p. 4-3) concluded, "due to the limited
number of wells utilized to monitor the Canal Creek area, the possiblity of
localized pockets of contamination cannot be eliminated.”

The U.S. Army Environmental Hygiene Agency (USAEHA) sampled several
streams within the study area and detected volatile organic compounds at
several locations (U.S. Army Environmental Hygiene Agency, 1985). In 1985,
the USAEHA began a detailed assessment of past activities in the Edgewood area
to identify potential sources of contamination (Gary Nemeth, U.S. Army
Environmental Hygiene Agency, written commun., 1988). Historical records were
examined and interviews of past employees were conducted to assess the en-
vironmental effects of known chemical discharges and spills. Much of this
information was used to assist in locating observation-well clusters for this
study.
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METHODS OF INVESTIGATION

Well Drilling and Collection of Lithologic Data

The methods used for drilling wells and test borings were designed to
(1) install observation wells with minimal disturbance of the aquifer system,
(2) collect lithologic and geophysical data from each site, and (3) limit the
use of drilling fluids. Two drilling techniques--mud rotary and hollow-stem
augering--were used for well installation in the Canal Creek study area. Both
techniques were used at some sites to maximize core recovery. In most cases,
more than one well was drilled at each site, and the depths of the wells
differed with location. More than one observation well was placed within an
aquifer if it contained a clay lens or if the sand was thicker than 15 ft. An
exploratory boring was drilled at each site so that geophysical and lithologic
data could be used to define the hydrogeologic framework and to optimize
observation-well screen placement.

Exploratory borings and most wells deeper than 120 ft were drilled by the
mud-rotary technique. An organic-free bentonite mud was used to minimize
organic contamination of the ground water by the drilling fluid. After the
geophysical data were collected, all exploratory borings were grouted from the
bottom upward using Type V Portland Cement!. The grouting process evacuated
the drilling mud and sealed the borehole.

Hollow-stem augers require no drilling fluids, eliminating contamination
of the aquifer from drilling fluid constituents. During the first phase of
drilling, 10-in.-outside-diameter hollow-stem augers were used to install
observation wells less than 120 ft deep--the approximate depth limit of the
augering. During the second phase, a more powerful augering rig, using 10-
in.-outside-diameter hollow-stem augers, was used to install the deeper wells.

Using the hollow-stem auger technique, samples of the formation were
taken with a core-barrel sampler that was inserted into the bottom of the
auger column and advanced with the augers. This technique yielded excellent
core recovery in clay, silt, and tightly packed sand. The resulting samples
were approximately 5 ft long and 4 in. in diameter. Detailed lithologic
descriptions of the core samples were made at the site by U.S. Geological
Survey personnel using a hand lens with a magnification of 10 times and a
grain-size comparison chart. Samples were collected and placed in glass jars
for subsequent examination. Several samples of the clay were submitted for
pollen analysis to determine the geologic age of the sediments.

Frequently, zones of coarse, wet sand, or "running sand," were
encountered. It was difficult to retain the samples in the core barrel and
the core recovery was commonly poor. Moreover, in areas of particularly fluid
sand, the sand would rise into the augers when the sampling tube was removed,
making it difficult to replace the core barrel properly. Generally, once
running sand was encountered, drilling proceeded without sampling until a more
cohesive sediment was reached.

! The use of trade names is for identification purposes only and does not
constitute endorsement by the U.S. Geological Survey.




Using the mud-rotary drilling technique, samples of the formation were
collected using a 2-ft-long, 2-in.-diameter split-spoon sampler. Although the
technique is slower and yields relatively small samples, zones of "running
sand" can be sampled more easily than with the core-barrel sampler used in
augering. In some cases where running sand inhibited sample collection during
augering, a mud boring was later drilled and samples were collected with the
split-spoon sampler. Samples from the formation below 120 ft could only be
collected with the mud-rotary drilling technique using the split-spoon sampler
during the first phase of drilling.

The construction of a typical well is shown in figure 3. Polyvinyl
chloride (PVC) 4-in.-outside-diameter casing and screens were used for all the
wells. Five-ft-long screens with a slot size of 0.0l in. were used in all but
two of the wells. Three 2-ft-long screens were used in wells 4A and 5C. The
screened intervals in well 4A were located at depths of 88 to 90 ft and 95 to
99 ft, and the screened intervals in well 5C were located at depths of 73.5 to
75.5 ft, 80.5 to 82.5 ft, and 83 to 85 ft. The odd-screened intervals were
placed to experiment with various well-purging techniques. Quartz sand-pack
material was placed from the bottom of the screen up to 12 in. above the top
of the screen, and 12 to 24 in. of bentonite pellets were placed on top of the
sand pack to prevent the grout from reaching the screen.

A grout seal was placed around the outside of the casing from the top of
the bentonite plug up to land surface to prevent the vertical movement of
water along the casing and cross-contamination between the aquifers. The
casing was grouted with a mixture of 96-percent Type V Portland Cement and 4-
percent bentonite that was injected just above the bentonite plug. By
injecting the grout from the bottom upwards, the water around the outside of
the casing was evacuated as the grout was injected, resulting in a more
uniform grout seal.

Borehole Geophysics

Borehole geophysical techniques were used at each site to aid in
observation-well screen placement and to supplement the lithologic data col-
lected during drilling. Single-point electric logs and natural-gamma logs
were run in each boring drilled with mud, but only natural-gamma logs were run
in augered borings. 1In most cases, single-point electric logs correlated well
with natural-gamma logs. Because single-point electric logs were limited to
mud-drilled borings and natural-gamma logs correlated well with lithologic
logs, the single-point electric logs were not used in geologic interpretation
other than to verify deflections in the natural-gamma logs which were con-
sidered suspect. Natural-gamma logs made through hollow-stem augers were
useful, although some interference was encountered when clay adhered to the
outside of the augers and was displaced into sand zones.

Lithologic data were collected at most sites and natural-gamma logs were
made of all borings. After comparing the natural-gamma logs with lithology
from several sites, it was discovered that there was a good correlation be-
tween the two. Sand and clay were precisely plotted on the gamma log and a
vertical line, or "sand line", was drawn through the gamma log, separating the
sand deflections on the left from the clay deflections on the right (fig.4).
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Sand and clay characteristically caused strong deflections and silt or mix-
tures of sand and clay caused weak deflections. Intervals where lithologic
samples were not collected were inferred using the natural-gamma logs.

Water-Level Measurements

Water-level measurements of all existing wells were made in November
1986, February 1987, August 1987, and March 1988. Data from August 1987 and
March 1988 (representing the seasonal extremes in water levels) are used in
this report. The data were used to produce seasonal water-level maps for
each aquifer and to establish vertical hydraulic-head gradients within well
clusters.

Digital water-level recorders, accurate to 0.01 ft, were installed at
sites 1, 7, 8, 16, and 18 to record water levels at 15-minute intervals. The
water-level recorders made it possible to monitor the tidal and seasonal head
fluctuations in each aquifer, as well as the tidal and seasonal effects on
vertical head gradients within well clusters. Tidal data were collected dt a
station installed in Gunpowder Falls State Park (fig. 1) using the same type
of digital recorder with the same data-collection interval.

Aquifer Testing

Hydraulic conductivity was calculated for 15 wells in the study area by
performing slug tests. A solid Teflon slug with a displacement volume of
approximately 1.5 gallons was used for all tests. The slug was added to each
well tested and the resulting water-level decline was recorded on a loga-
rithmic schedule with a portable, digital data logger using a 5-pounds-per-
square-inch pressure transducer. The data-collection schedule was tailored to
each slug test, depending on the recovery time for the given well.

Hydraulic conductivity (K) was determined from the slug-test data by use
of the Hvorslev (1951) analysis. The Hvorslev analysis operates on the basic
principle that hydraulic conductivity is dependent upon the geometry of the
well and a lag time (T,), determined graphically from a semi-logarithmic plot
of the slug-test recovery curve. Hydraulic conductivity is determined from
the relation

K = r21n(L/R)
2LT,

where :
is the horizontal hydraulic conductivity (ft/d),
o 1s the lag time (d),
is the radius of the well casing (ft),
is the radius of the well screen (ft), and
is the length of the well screen (ft).

HIR AR

Transmissivity (T) was then determined by multiplying horizontal hydraulic
conductivity (K) by the aquifer thickness (b).

10



Although horizontal hydraulic conductivities were obtained from slug
tests in 15 wells, slug tests in 10 wells produced anomalously low horizontal
hydraulic conductivities. According to the drilling logs, the wells were
screened in coarse sand and gravel, but the calculated hydraulic conduc-
tivities were less than 0.1 ft/d, much less than the expected 10 to 100 ft/d.
Because of the anomalously low hydraulic conductivity values calculated from
the suspect wells, it was suspected that the screens were obstructed with
grout, drilling mud, or clay that had been deposited during well construction.
Upon examination of several suspect wells with a down-hole camera, several
screens were found to be obstructed with grout. Because it was uncertain to
what extent the suspect wells were obstructed, the test results for the
suspect wells were disregarded.

Aquifer Delineation

Aquifers and confining units were delineated on the basis of both
hydrologic characteristics of the units and the stratigraphic relations be-
tween the units. The lower confined aquifer and lower confining unit were
easily delineated because they are relatively continuous over the study area.
The remaining units were more difficult to separate because (1) the upper
confining unit crops out within the study area, and (2) the upper confining
unit is missing within a paleochannel (fig. 5). The Canal Creek aquifer and
the surficial aquifer are in direct hydraulic connection within the paleo-
channel and near the West Branch of Canal Creek; however, the distinction was
made from hydrologic data indicating a divergence in flow, rather than by
lithologic characteristics.

The lateral continuity of the surficial and Canal Creek aquifers was
maintained in defining the lower boundary of the surficial aquifer and the
upper boundary of the Canal Creek aquifer. For the purpose of contouring the
thicknesses and boundary elevations of the unit, the boundary between the two
aquifers was extrapolated in areas where the upper confining unit is missing.

HYDROGEOLOGY

Regional Setting

Harford County, Maryland, encompasses two physiographic provinces--the
Piedmont and the Coastal Plain. The Piedmont consists of crystalline, igneous
and metamorphic rocks that crop out along a line called the Fall Line. East
of the Fall Line, the unconsolidated Coastal Plain sediments overlie the much
older Piedmont basement rocks. The Coastal Plain sediments thicken rapidly
southeastward from the Fall Line with a stratigraphic dip of approximately 40
ft/mi (Dingman and others, 1956 p. 12).

The Coastal Plain sediments in Harford County were deposited during the
Cretaceous Period and the Pleistocene Epoch. Most of the unconsolidated
sediments in Harford County comprise the Potomac Group, deposited during the
Cretaceous Period. South of Harford County near Baltimore City, the Potomac

11
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Group is subdivided into the following three formations, listed from youngest
to oldest: (1) the Patapsco Formation, (2) the Arundel Clay, and (3) the
Patuxent Formation (Dingman and others, 1956, p. 12). The Arundel Clay serves
as a confining unit between the water-bearing Patapsco and Patuxent Forma-
tions. In Harford County, the three formations are not easily distinguished
and are referred to collectively as the Potomac Group.

The sediments that overlie the Potomac Group in Harford County consist
primarily of the Talbot Formation of Pleistocene age with minor amounts of
Quaternary alluvium. The Talbot Formation is relatively thin and horizontally
discontinuous in its westernmost extent. The formation thickens and becomes
more continuous eastward, reaching a thickness of approximately 60 ft north of
the Edgewood area at the Aberdeen area of Aberdeen Proving Ground (Southwick
and others, 1969, p. 96). The formation has been eroded by streams and
rivers, exposing the underlying Potomac Group.

Local Geology

In Harford County, the Potomac Group is characterized by alternating sand
and clay layers that can be identified as discrete aquifers and confining
units. According to Southwick and others (1969), the Potomac Group crops out
over much of the Canal Creek study area, especially near surface-water bodies.
The aquifers are used as a source of water for various municipal and agricul-
tural applications throughout the Coastal Plain of Harford County. The more
productive wells yield as much as 500 gal/min (Dingman and others, 1956,

p- 13).

The Talbot Formation covers most of the study area where the Potomac
Group is not present at the surface, but some modern alluvium is present in
the creek beds. Pollen analysis indicates that Cretaceous clay exists at a
depth of approximately 25 ft at site 27 (Grace Brush, University of Maryland,
written commun., 1987); therefore, 25 ft is the maximum thickness of the
Talbot Formation near the West Branch of Canal Creek. South of the Canal
Creek study area at an Army range area referred to as "0O-Field," pollen
analyses performed during a previous study indicate that the Talbot Formation
is present at a minimum depth of 50 ft, suggesting that the Talbot Formation
thickens to the south of the Canal Creek study area (Don Vroblesky, U.S.
Geological Survey, written commun., 1988).

The Talbot Formation is thickest within the study area where it occurs as
fill in a paleochannel that is cut to a depth of at least 50 ft into the
Potomac Group sediments. The paleochannel resulted from the erosional ac-
tivity of a Pleistocene stream. The abrupt change in lithology caused by the
paleochannel creates complex hydrologic relations among the various aquifers.
The location of the paleochannel deposits approximates the present course of
the East Branch of Canal Creek (fig. 5). The uppermost confining unit is
absent where the paleochannel deposits are present.

The Talbot Formation and the Potomac Group have similar mineralogies

within the study area but differ in grain size and relative abundance of
various minerals. The Talbot Formation generally is finer grained within the
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study area. The sand and gravel grains in both formations consist primarily
of quartz; the fine-grained sand and silt fractions contain a large percentage
of muscovite mica. Organic matter, present as lignite, also is abundant in
the fine-grained sand and silt layers of both formations, and iron mineraliza-
tion is found in sand and clay layers, commonly near the contacts between the
sand and clay.

Dense, plastic clay is common in thin lenses in both formations. Clay
from the Talbot Formation generally is gray; clay from the Potomac Group is a
mixture of white, red, and multicolored clay. The multicoloring of the clay
suggests that oxidized metals, especially iron, are present.

The total thickness of the Coastal Plain sediments in the eastern part of
the Canal Creek study area is approximately 400 ft. An exploratory boring
drilled near site 1 in 1942 encountered granite at a depth of 402 ft (Gary
Nemeth, U.S. Army Environmental Hygiene Agency, written commun., 1985), and a
recent boring at site TL2 encountered basement rock at approximately the same
depth. At a location near the western border of the study area, basement rock
was encountered at approximately 300 ft (Gary Nemeth, U.S. Army Environmental
Hygiene Agency, written commun., 1988).

Local Aquifers and Confining Units

This report primarily discusses the Coastal Plain sediments that are
shallower than 200 ft. The sediments have been divided into five hydro-
geologic units that from the surface downward, are called the (1) surficial
aquifer, (2) upper confining unit, (3) Canal Creek aquifer, (4) lower con-
fining unit, and (5) lower confined aquifer (figs. 6-11).

Surficial Aquifer

The surficial aquifer is unconfined and is defined as the saturated part
of the uppermost sand unit. The upper surface of the aquifer is taken as the
average-annual altitude of the water table as measured over the last 2 years.
Within the study area, the aquifer is composed of a relatively thin veneer (O
to 35 ft) of discontinuous sand and gravel. In some areas, the surficial
aquifer is composed of sediments of both the Talbot Formation and the Potomac
Group; however, over most of the study area, the surficial aquifer consists of
the Talbot Formation.

Excavation and landfilling activities have altered the surficial sedi-
ments in some localities within the study area. The disturbed sediments are
horizontally discontinuous, poorly sorted, clayey sands mixed with assorted
fill material and organic matter. The undisturbed surficial sediments are
discrete layers of horizontally continuous sand and clay.
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